ABSTRACT: Sissoo (Dalbergia sissoo, Roxb.) is a nitrogen fixing leguminous tree species with natural habitat in the lowland region of Nepal called Terai up to an altitude of 1,000 m. For the last few years, this economically important tree species has been dying rapidly in the plantation forests. On the contrary, its status in the natural forest in riverine areas has been unknown yet. The paper compares the nutrient status of natural and healthy sissoo forest with declining plantation sissoo one. It is evident from this study that both stands do not differ very much with respect to their soil and plant nutrients. Therefore it was concluded that the waterlogging of soil was the main factor responsible for the decline of plantation sissoo forest.
The accelerated rate of deforestation in Nepal in the past has resulted in severe forest degradation in the country. Fortunately, the fast-growing tree species present in the country have become very popular for their plantation to overcome this problem. One of such fast-growing tree species is sissoo (Dalbergia sissoo, Roxb.). Sissoo is a nitrogen fixing leguminous multipurpose plant species, occurring along riverbanks in the lowland region of Nepal up to an altitude of 1,000 m. It is an important reforestation species on the plains (known as Terai). This plant species occurs naturally in the riverine sal (Shorea robusta, Gaertn.) forest. It springs up on land slips and at other places where fresh soil is exposed but avoids stiff clay and waterlogging. It thrives in sandy-loam soils with good drainage. It is a deciduous tree species, growing to a height of nearly 30 m at favourable sites. This species, due to its fast-growing nature, quality timber, easy propagation, drought resistance etc., has been the most favourable plantation species for the private as well as governmental sector for the last 3 decades. Due to its popularity, it has been planted almost everywhere in local communities such as agricultural fields, canal sides, pond banks, waste-lands etc. The basic reason behind it has been to take hasty benefits from this multipurpose species for fuel wood, fodder and timber because the income from agricultural crops has often been found to be comparatively slower.
Unfortunately, for the past few years (5-6 years), sissoo has been declining rapidly. However, its status in the natural forest has not been investigated and it is still unknown.
Therefore, a natural and healthy sissoo forest was also selected in this study. Our field visits to various sites revealed a serious threat to the sissoo plantation in Nepalese Terai. Sissoo trees of varying age are dying. The symptoms are also varied. PARAJULI et al. (1999) reported a decline due to the occurrence of fungi such as Fusarium sp. and Gandoderma lucidium in the roots and stems of diseased sissoo trees. However, pathogens are only the secondary cause of decline, not the primary one (MANION 1981) . In a plantation site study SAH et al. (1999) reported the soil texture as the main reason behind this phenomenon. Whatever the primary causes of decline are present, they all ultimately lead to the disruption of nutrient cycles of forest ecosystems. Nutrient distribution data provide useful information in assessing the significance of element physiological processes in the trees that effect their overall growth and vitality. For this purpose, this paper comprises a comparative study of a declining plantation site (Tilkane) and a natural and healthy sissoo site (Hetauda). The objective of this paper is to assess the differences in nutrient distribution of the different components of sissoo forest ecosystems in order to identify possible causal factors involved in sissoo decline at the Tilkane site. Two sites, plantation stand (Tilkane) and natural stand (Hetauda), were selected for this study. The Tilkane site is situated close to Royal Chitwan National Park. The Hetauda site lies 60 km east of Tilkane. The trees at Tilkane show declining symptoms whereas the trees at Hetauda are healthy. Both sites have similar climatic characteristics (Figs. 1-3 ). The average annual rainfall (typical monsoon The annual minimum and maximum temperatures are also identical at both sites ranging from 5°C to 10°C and 28°C to 35°C, respectively. The soil at the Hetauda site is calcareous and sandy whereas it is clayey and has a high content of raw humus at the Tilkane site. The fine root system at the Tilkane site is superficial and consists mostly of fine roots in the upper soil layer (10 cm depth) whereas at the Hetauda site the root system penetrates to a deeper soil depth of 50 cm. The visual observation indicated a well drained soil at the Hetauda site whereas the soil of the Tilkane site was found waterlogged. Years 
MATERIAL AND METHODS

EXPERIMENTAL SITES
SAMPLING AND LABORATORY ANALYSIS
The sampling of soil and plants took place in the month of September, 1999. The following methods of sampling were adopted in this study.
Soil samples
In each stand, a quadrate of 20 × 20 m was set up and the soil and plant sampling was carried out in the quadrate. The soils from both stands were collected from top (0-5 cm) and subsoil layers (5-50 cm). The samples were extracted from a soil auger. 10 samples from each stand were collected randomly and bulked to 2 samples for the laboratory analysis. The collected soil samples were analysed for their physical and chemical properties. The physical soil properties were moisture content, water holding capacity (WHC), soil density and porosity, soil colour and soil texture. Moisture content was determined by the oven dry weight method. WHC was estimated from the water saturation of soil. For soil density, an iron cylinder (diameter of 20 cm) was used to extract the soil sample, and soil porosity was calculated from the soil density. The soil colour was determined on the Munsell Colours Chart. The soil texture was estimated by the sodium pyrophosphate pre-treatment method (DIN 1993) . The cation exchange capacity (CEC) was determined according to MEIWES et al. (1984) 
Plant samples
The different plant parts such as green leaf, leaf litter, bark, stem wood, root etc. were sampled from 3 trees.
The sample trees were selected at random in the abovementioned quadrate. The plant samples were analysed for their different nutrients such as C, N, cations (both Mb and Ma) and anions (PO 4 -and SO 4 2-). Plant material was digested with HNO 3 according to HEINRICHS et al. (1986) . 200 mg of dried (60°C) and finely ground plant material was oxidised with 2 ml of HNO 3 (65%) at 180°C in a sealed teflon vessel for 10 h, subsequently filtered and transferred to a 100ml volumetric flask. Element analysis was carried out with an ICP-AES instrument (Spectro Analytical Instruments/Kleve).
Total N (N t ) and C (C t ) were determined for both the plant and soil material by a C/N-analyser (CHN-O-Rapide, VarioEL, Elementar, Germany). All given element concentrations are related to the absolute dry weight (dry weight, 105°C).
RESULTS AND DISCUSSION
THE CHARACTERISTICS OF SOILS
Our visual observation indicated that the healthy stand of Hetauda, which is of riverine habitat, has the soil with good drainage whereas the diseased stand of Tilkane shows a poor water drainage from the soil. With respect to their physical properties of soil, both stands do not differ very much in general, with the exception of soil texture. Hetauda sissoo stand has sandy soil both in the top layer and in subsoil whereas the Tilkane sissoo stand has black coloured sandy-loam soil with a large amount of organic matter, both in the top and subsoil layers ( Table 1) . The moisture content, water holding capacity, density and porosity of the soil are identical.
The chemical properties of soils of both stands, however, differ greatly (Table 2) . The Hetauda site, having calcareous soils, has a higher soil pH (7.15) whereas the soil of the Tilkane site has a lower pH (5.81). As for the exchangeable cations, Ca content (237.5 µmol c /g) in the soil of the Hetauda sissoo stand, as expected, is higher than in the soil of the Tilkane sissoo stand (Ca = 122.3 µmol c /g). The content of K and Mg is quite high in the stand of Tilkane (K = 1.53 µmol c /g and Mg = 44.3 µmol c /g) in comparison with the stand of Hetauda (K = 0.72µmol c /g and Mg = 6.58 µmol c /g) and the Mg content is remarkably high (almost 7 times higher in the soil of Tilkane than in the soil of Hetauda). In addition, the Tilkane site is also richer in N and P than the Hetauda site. It means that in general the soil of Tilkane is richer in nutrients than the soil of Hetauda.
The Tilkane sissoo stand has a high C-content in the soil, i.e. a greater accumulation of organic matter occurs here. In the case of Hetauda, which is calcareous and sandy in nature, shows a low organic matter accumulation, and this is supported by the presence of lower humus content in the soil of the Hetauda site. In the case of Tilkane, the humus content of the subsoil is higher than in the top soil, and this indicates a higher organic matter accumulation in the soil showing a lower mineralisation rate. C/N ratio in the soil of the Hetauda stand is slightly higher than in the soil of Tilkane stand. Opposite is true of the C/P ratio in the soil, i.e. C/P ratio in the soil of Hetauda site is lower than in the soil of Tilkane. C/N ratio of the Tilkane stand soil indicates a relatively higher N-mineralisation rate than that in the Hetauda stand soil. Opposite is true of the C/P ratio in the soil of the Tilkane stand, showing a relatively higher P-mineralisation rate at this site. Table 3 shows the nutrient concentration in the different plant parts of sissoo trees of both sites. In both stands, the concentration of nutrients in various components of tress follows the trend of N > Ca > K > Mg and the different tree components according to their nutrient contents follow the trend of green leaf > litter fall > bark > root > wood and such type of trend is similar to a temperate forest (KHANNA, ULRICH 1991). In general, both stands, with few exceptions, show almost similar nutrient allocation and distribution in their different tree components. In both stands, the foliage concentrations of N and P (as well as other mobile nutrients) decrease from green leaf to litter fall. As expected, the Ca-contents of all tree components, especially in green leaf and leaf litter, were found markedly higher at the calcareous site of Hetauda (healthy site) compared with the non-calcareous site of Tilkane (declining site). The higher accumulation of Ca and Mg is also evident in the calcareous soil of Hetauda stand leaf litter than in the non-calcareous soil of Tilkane. But in the stemwood, the Ca-content is very high at the Hetauda site, and this is in contrast to a trend in the tem- Table 3 . Nutrient contents of different components of Hetauda and Tilkane plantation sissoo forests (n = 3, ± SD)
NUTRIENT CONCENTRATION IN VARIOUS COMPONENTS OF SISSOO TREES
(mg/g)
Tilkane (declining site)
Green leaf Although the weight of bark accounts for only 10-15% of the aboveground biomass in trees, the bark may contain 70% of total Ca in the aboveground parts of most trees (DAY, MCGINTY 1975) . It is also evident in our studies that the bark contains a higher amount of nutrients, especially N and Ca, at both sites. Both sites differ greatly in N-contents of their bark; the concentration in the bark of sissoo stands on the calcareous soil of Hetauda (45.0 mg/g) is higher than that on the non-calcareous soil of Tilkane (13.8 mg/g). Accumulation of Ca in the bark and stemwood of the stand in Hetauda may be attributed to their base rich calcareous soil.
In general, N-content is found to be slightly higher in the declining stand of Tilkane, which could be attributed to the presence of high nitrogen contents of the soil in this stand. Nutrient contents in the roots of both stands are identical. Table 4 summarises the foliage nutrient contents of some Indian sissoo forests, both declining and healthy (SHARMA et al. 2000) . This table shows that the healthy sissoo stands of India show higher foliage nutrient uptake compared with the declining sissoo stands. On the contrary, in our studies the declining stand of Tilkane shows a higher amount of foliage nutrient uptake compared with the healthy sissoo site of Hetauda.
CLIMATE ANALYSIS AND ITS POSSIBLE RELATION TO THE SISSOO DECLINE
Figs. 1-3 show diagrams of the annual temperature and rainfall data of Hetauda, close to our research sites. The summer season (Monsoon time) receives 95% of the total annual rainfall and the winter is dry and has a negligible amount of rainfall. The monthly variations of temperature and rainfall in winter and summer were great but their annual fluctuations were much smaller.
The moving mean method was used to eliminate annual variations of temperature and rainfall. The figures comprise 5-year moving mean values, annual mean and time series of annual rainfall and temperature. It is evident from these figures that in general the rainfall did not fluctuate very much and remained annually constant for the last 28 years. With respect to the temperature, the maximum temperature seems to have increased in recent years from 29°C to 30°C. It can be considered as the effect of global warming. The minimum temperature, however, has also shown a decreasing trend in recent years due to the unusual occurrence of foggy weather in winter seasons for the past 4-5 years. Therefore it can be concluded that a slight change in climate has taken place, which is considered to be the effect of global warming. The question arises what the effect of slight change in climate on sissoo forests or on forests in general could be like? Our field survey indicated that the slight change in climate has occurred in recent years and the sissoo decline has also started in recent years. In addition, in recent years (3-5 years) there has been a frequent and prolonged occurrence of foggy weather during the winter in the Terai. Such occurrence of fog in winter may increase the amount of air pollutants in the forest and may affect the forest adversely.
Therefore we recommend to carry out future researches into the long-term monitoring and assessment of air pollution around the different regions of Terai and correlate them with sissoo forest ecosystems. For this purpose, forest nutrient cycling study of several sissoo stands may serve as a tool for identification of the impacts of climate change, hydrology and other abiotic factors on the forests (SCHULZE et al. 1989; SMITH 1990) . DOKIYA et al. (1992) reported the high atmospheric deposition of air pollutants even at high-elevation mountains of Nepal. Therefore, the air pollutant deposition cannot be completely ignored.
CONCLUSIONS
A sissoo decline is often attributed to the infection of roots on clayey soils by the fungus Fusarium sp. The mechanism behind this has been assumed to be caused by the colonisation of vascular bundles of roots by the abovementioned fungi, which hinders the flow of water to the crown. As a result, wilting takes place in terminal branches and the leaves turn yellow, wilt and in extreme cases trees they are killed (BAKSHI et al. 1976 ). The primary causal factors involved in the root infection by Fusarium sp. are mostly assigned to the absence of O 2 in the root zone due to prolonged water presence, especially in the rainy season, when the water table rises and can ascend up to the tap root. It has been reported that the water table may rise up to only 2-3 m depth of soil in the lowland and when the tap root comes in contact with the water table, it becomes more susceptible to the above-mentioned fungus. The experience that sissoo thrives on loosely textured soils but suffers adversely from root diseases in stiff clayey soils has been widely accepted. The success of the species on loosely-textured soils appears to be proper soil aeration and good drainage which leads to the healthy growth of roots (BAKSHI 1954 (BAKSHI , 1957 BAGCHEE 1945) .
The healthy stand of Hetauda, which is riverine in habitat, has the loosely-textured soil (sandy soil) with good drainage. Soil density and porosity are also suitable to the sissoo growth. This stand has been found fully healthy. The declining stand of Tilkane shows the identical soil properties as Hetauda but differs in poor water drainage from the soil. Our study indicates that the soil and plant nutrient allocation and distribution do not vary greatly at the two sites.
As mentioned above, however, they differ mainly in the soil water drainage, and it can be assumed in our study that the waterlogging could play a significant role in the sissoo decline of the Tilkane stand. The Hetauda stand, growing as a natural stand, does not show any symptoms of decline. Therefore, based on our studies it can be concluded that only the loosely textured soils with good drainage are suitable for the appropriate sissoo trees growth.
Our study has also recorded a change in temperatures over the last 28 years in the region of research sites. Hence we also conclude that, in addition to the soil factor, changed climatic characteristics of the lowland region of Nepal could also be involved in such decline. Therefore further researches on the interactions between sissoo growth and climatic parameters have to continue on a long-term basis.
In order to assess the primary causal factors involved in the sissoo decline, several sissoo stands have to be studied in future. Permanent research plots should be established for a long-term study. Monitoring of abiotic factors such as atmospheric deposition, climatic data, soil factor, etc. as well as biotic factors such as pathogens should be carried out to find out the possible causal factors.
SUMMARY
Sissoo (Dalbergia sissoo, Roxb.) is a nitrogen fixing leguminous multipurpose tree species and its natural habitat is the lowland region (called Terai) of Nepal up to an altitude of 1,000 m. Sissoo tree species, due to its fast-growing nature, quality timber, easy propagation, drought resistance, etc. has become the most favourable plantation species for the private as well as governmental sector for the last 3 decades in the region. Unfortunately, in the last few years, this tree species has been dying rapidly in plantation forests. Its status, however, in the natural forest is still unknown. Therefore, one natural sissoo forest stand has been selected. The natural sissoo forest occurs along the river bank (known as "riverine" species) in the lowland. The present paper compares the nutrient status of natural and healthy sissoo forest with declining plantation sissoo forest. It is evident from our study that both stands do not differ very much with respect to their soil and plant nutrients. They differ mainly in their soil pH, soil texture, soil water drainage. The healthy stand of Hetauda is situated on the calcareous sandy soil (pH > 7.1) whereas the declining stand of Tilkane is on the non-calcareous and relatively acidic (pH < 5.9) sandy-loam soil with a high content of humus in the soil. Furthermore, the soil of Hetauda is well drained and Tilkane has the severely waterlogged soil. Therefore this study has concluded the waterlogging to be the main responsible factor involved in the decline of sissoo stand at the Tilkane site. Furthermore, climatic conditions such as an increase in temperature and occurrence of unusual foggy weather during the winter in the lowland have also been observed in this study and this change in climatic characteristics could also play a role in such decline and this needs further researches. 
